A pilot study was undertaken to investigate the occurrence of Cryptosporidium in four very small drinking water systems supplying communities in rural Puerto Rico. Water samples (40 L) were collected and oocysts were concentrated by calcium carbonate flocculation, recovered by immunomagnetic separation and detected by immunofluorescence microscopy. Cryptosporidium oocysts were identified in all four systems. This is the first report of evidence of the potential public health risk from this chlorine-resistant pathogen in Puerto Rican small water systems. Further work is warranted to fully assess the health risks that Cryptosporidium and other protozoa pose to populations served by community-managed small drinking water systems.
INTRODUCTION
The protozoan Cryptosporidium is a well-documented cause of waterborne gastroenteritis and outbreaks (Baldursson & Karanis ) . In developed countries, risks from Cryptosporidium and other waterborne pathogens in large water systems managed and operated by water authorities is lower than in independent supplies, where management of water quality is poor or non-existent (Hunter et al. ; Hunter et al. ) . More than 150 million people in highincome countries, mainly in rural areas and already possibly disadvantaged by geographical and economic isolation, are at increased risk of exposure to waterborne pathogens because of the lower regulatory standards applied (Bridge et al. ) . Human cryptosporidiosis has been reported worldwide and is endemic in tropical countries (Fayer ) . In Latin America and the Caribbean, the prevalence range of cryptosporidiosis has been reported as 4-60% (Lindo et al. ; Raccurt et al. ) . In Puerto Rico, the To investigate the occurrence of Cryptosporidium in small water systems in Puerto Rico, we undertook a minimally-funded proof-of-concept sample survey. Recovery from matrix-spiked samples was monitored: an additional 10 L carboy of water from each of Systems A-C and one from each storage tank at System D was seeded with a mean of 286 (SD 69) oocysts (EasyPC, BTF, Sydney, Australia), accurately enumerated by 10 counts, and the recovery rate calculated following processing as described above.
METHODS

Study sites and sampling
Although not approved for seeding water samples in regulatory laboratories, the EasyPC oocyst suspension was used due to cost restrictions in this minimally-funded pilot study. To check the concentration of the suspension remained stable, the EasyPC suspension was counted prior to each spike.
Cryptosporidium DNA was extracted and attempts made to characterise the species at the SSU rRNA gene, 
Statistics
The null hypothesis that median of counts of Cryptosporidium did not differ between water systems was tested using the Kruskal-Wallis test for independent samples, using SPSS version 18.
RESULTS
The mean Cryptosporidium oocyst recovery from five matrix spikes was 168 (59%, range 118-202, SD 35). All systems were positive for Cryptosporidium on at least one occasion (Table 2) . Overall sample positivity was 12/36 (33%) with oocysts detected more often in System C (5/6 samples, 83%) than in System A (3/11, 27%), B (3/10, 30%) or D (1/ 9, 11%). The sample distribution of oocyst counts differed significantly between water systems (p ¼ 0.006) with System C also yielding the highest median and range of counts.
Although Cryptosporidium oocysts were confirmed using specific antibodies and identification of typical internal structures, characterisation of species by polymerase chain reaction (PCR) was not successful.
DISCUSSION
We undertook a pilot study to investigate whether small (Table 2) . However, the frequency of detections in small water systems which, unlike the large systems, do not have appropriate treatment, is of concern.
Although the operation and monitoring of municipal systems by PRASA ensures that water supplied to the majority of the inhabitants is of high quality, many community-operated water systems are not well monitored, serve very poor communities and are structurally prone to environmental contamination. The potential for poor quality water puts the local communities at risk from diarrhoeal illness. Improved education on system management and operation has demonstrated a positive and sustainable health benefit in these distributions, but the risk from protozoan parasites was not previously known and may account for residual diarrhoea burden (Hunter et al. ) . Detection of Cryptosporidium in all four systems in this study suggests a potential health risk, especially where operator training is minimal such as at System C.
Unfortunately, we were unable to identify the Cryptosporidium species present, which would have improved our assessment of potential public health risk. This was most likely due to the small numbers of oocysts in each subsample.
Amplification of less than a third (31.7%) of samples containing one or two oocysts using the same PCR has been reported Sewage from the households within each system remains on the watershed in onsite structures made of cement blocks, which are generally porous but are not septic systems.
The presence of Cryptosporidium in drinking water is of concern, especially the potential risk to the health of young children who are at most risk of increased fatality, severe disease and sequelae (Hunter et al. ) .
CONCLUSIONS
This study confirms for the first time the presence of Cryptosporidium in small water systems in Puerto Rico and potential risk to public health from this chlorine-resistant pathogen.
While educational intervention in communities operating and managing their own supplies is likely to have a health benefit, studies are warranted to properly assess the extent and sources of contamination, the exposure and health risks in the communities supplied and appropriate interventions.
